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The enigmatic nature of planet earth affords a unique
view and compelling imagery to anyone bold enough to stare.
The editor of Time magazine (January 2, 1989) honored her as
the "planet of the year". The Christian author, Hal Linsey,
mourned her as "the late great planet earth". Today, with
dwindling resources and an exploding human population, she
seems almost defenseless against the scourges of nuclear
proliferation and sustained chemical poisoning leveled at
her by the very humans she struggles to support. What is
the future of planet earth? While skepticism and hope
squares off, one thing is certain, if life as we know it, is
to continue into the future, bioremediation is a necessity
today.
With weapons of mass destruction, war rages in Europe
and the Middle East. At the same time, a universal war
silently plays havoc with the world's ecosystem. While the
frequency and magnitude of oil spills occupy our attention,
farmers and community dwellers are busy using pesticides to
rid the world of its "undesired life forms" (weeds, insects,
rodents and microbes). Ironically, some of these "undesired
life forms" seem to be thriving in the face of increased use
of pesticides. Pimental et al. (1991) has pointed out that
the share of crop yield lost to insects has nearly doubled
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during the last 40 years, despite the more than tenfold
increase in both amounts and toxicity of synthetic
insecticides used. While such pest resistance may be bad
for agriculture and health, it probably has a positive
impact on the ecosystem and may reflect the resilience of
planet earth.
The ecological dominance of man has led to the
indiscriminate use of pesticides. These pesticides in turn
have created an imbalance in the ecosystem necessitating the
use of new and more toxic compounds. Unwittingly, our
knowledge of chemical degradation and bioremediation
technologies has not kept pace with the rate of synthesis of
new compounds. Consequently, we are now bombarded and
threatened by the very pesticides we create to protect us.
Raver, a science reporter for The New York Times. (Raver,
1992) reported the death of large areas of farm lands in
Florida. The killer was Benlate, a DuPont fungicide.
Experts believe that the Benlate problem will soon go
away; that the soil will take care of itself. For the soil
to take care of itself, its chemistry must be such that
spontaneous chemical degradation of the Benlate will be
facilitated. Alternatively, it must possess microbial
populations capable of biodegrading the compound.
While high hopes are held for the farm lands of
Florida, no such hopes are held for the water bodies and
land areas contaminated with chlorinated compounds like
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chlordane, aldrin, heptachlor and DDT which have very long
half lives in the soil. These organochlorine compounds
exhibit persistence, bioaccumulation and penetration into
food stuffs (Moye, 1980). They are therefore a major source
of environmental contamination. In today's agriculture, the
organochlorines are being replaced by less persistent but
more lethal pesticides which are often used in concert.
When cyanobacteria and their associated microbes are
cultured on ensiled grass clippings, a silage microbial mat
(SMM) is produced (Bender et al., 1989). Such microbial
mats are good candidates for bioremediation (Bender and
Phillips, 1993). Resident in these microbial mats are two
species of exotic red bacteria which have also been isolated
from farm soil.
This work was designed to (a) isolate pesticide
degrading bacteria from selected soil samples, (b) determine
the effectiveness of the two exotic red bacteria previously
mentioned, in degrading a mixture of chlordane, paraquat and
carbofuran in sterile soil, and (c) examine the toxic
effects of run-off water containing carbofuran, chlordane
and paraquat or their residues on hiiman hepatoma cells. The
soils in (b) and (c) were enriched with microbes before




ECONOMIC, SOCIAL AND HEALTH IMPACT OF PESTICIDE USE
The old English adage "a penny wise and one pound
foolish" is an appropriate analogy of the world's pesticide
dilemma. In an attempt to produce more food with higher
cosmetic quality, farm lands are drenched with pesticides
which end up in the food. Pesticide control measures cost
the United States approximately $4.1 billion annually, not
to mention the indirect environmental and public health cost
of approximately $2.2 billion annually (Pimental et al.,
1991). Approximately 20,000 accidental poisonings occur
from agricultural pesticides annually (Pimental et al.,
1991). An estimated 6,000 human cases of pesticide induced
cancer occur in the United States annually (EPA, 1987).
Lack of knowledge regarding the fate of these chemicals in
major aquatic systems has resulted in confusion and poorly
defined issues regarding the hazards of chemical
contamination and loss of environmental quality (American
Chemical Society, 1972).
The hazards of pesticide use are not restricted to the
United States. In Australia, bare-chested applicators
wearing sandals apply a wide range of pesticides to farm
lands and domestic dwellings (Stacey and Tatvim, 1985). This
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scenario typifies the situation in developing countries.
Unfortunately, economics and educational development in many
of these countries limit data gathering, hence no health
statistics are available for many of these countries. These
limitations are good reasons to suspect greater health and
social problems from the use of pesticides in such
countries.
In developed countries, aerial application of pesticide
is commonplace. This is an indiscriminate act, since
everything within a given radius becomes a "pest".
Pesticides thus used end up in ground water (Bollag et al.,
1992), the tissue of fishes and various forms of wildlife
(Ford and Hill, 1991), and lead to pest outbreaks by killing
natural predators (Office of Technology Assessment, 1979).
Such outbreaks are the result of acquired pesticide
resistance in pest populations. To complete this cycle,
larger doses of more toxic and costly pesticides are
required to treat the resistant strains. Often, these
pesticides inadvertently end up in the food chain. In 1986,
feeding of heptachlor-contaminated mash to dairy cows in
Arkansas, Missouri and Oklahoma resulted in extensive
contamination of milk and other dairy products. Heptachlor
levels in milk reached 120 times the federal residue
standard and at least 470,000 gallons of heptachlor-
contaminated milk had to be destroyed (Weisskopf, 1986).
Regardless of the target, site or mode of application
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of pesticides, most of it ends up in the soil and various
water bodies. Remediation of such subsurface contaminants
may require long-term treatment at considerable cost (Vogel
and McCartey, 1985). Mere transfer from a contaminated area
to waste storage or atmospheric venting may alleviate
immediate concerns without detoxifying the waste (Phelps et
al., 1990). Therefore, remediation technologies which
mineralize toxicants on site are the most desirable. The
fate of pesticides in the soil environment is determined by
physical, chemical and biological processes. Microbial
degradation is the most important process in many cases,
since it can assure a complete pesticide mineralization in a
short time (Pietro et al., 1992).
THE ROLE OF MICROBES IN PESTICIDE DEGRADATION
Microorganisms are important to any discussion on the
behavior of pesticides in the natural environment because of
what they do and what they are unable to do (Alexander,
1972). Microbes are probably the only means of pesticide
removal from some ecosystems. Even though the catabolic
versatility of the indigenous species facilitates the
degradation of biologically synthesized organic molecules,
microorganisms are not omnipotent, they often fail to
degrade certain compounds. Alexander (1972) proposed that
this failure may be due in part to the environment not being
6
conducive to microbial life or to a compound resistant to
biodegradation under all conditions. In evaluating this
argument, it should be remembered that success obtained with
isolates on a laboratory bench might be impossible in a
field exposed to the physical environment. Also, the fact
that microbes generally exist in a starvation state in the
natural environment (Brock, 1980) limits their ability to
respond rapidly to large doses of new and lethal compounds.
If exposure to these new compounds was limited, allowing the
organisms time to acclimate, the result might be different.
However, it is well documented that microbes, because
of their diverse physiological needs and metabolic
capabilities can biodegrade a wide range of synthetic
molecules such as pesticides (Anderson, 1990). Bacteria
capable of utilizing aromatic hydrocarbons as an energy
source have been identified (Rochkind, 1989; Barth, 1986).
Steiert et al., (1987) reported the degradation of
pentachlorophenol (PCP) by Flavobacterixm. A microbial
biofilm, also with PCP degrading ability, was cultured by
Crawford and O'Reilly (1988). Degradation of chlorinated
herbicide in ground water by a group of naturally occurring
bacteria was demonstrated by Cavalier et al. (1991). The
fungi Rhizoctonia solani (Kearney et al., 1988), and
Phanerochaete chrysosporium, (Steiert et al., 1987; Bumpus,
1988; Kennedy et al., 1990) were also accredited with the
degradation of chlorinated hydrocarbons. Mondecar et al.
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(1992) reported the degradation of trinitrotoluene (TNT) by
a cyanobacterial mat (mixed microbial community dominated by
cyanobacteria). Phillips (1993) also used the
cyanobacterial mat for mineralization of a series of
hydrocarbons (naphthalene, phenanthrene, chrysene and
hexadecane).
CYANOBACTERIAL MATS IN BIOREMEDIATION
Cyanobacteria are prokaryotic organisms, which, under
photoautrophic conditions, are capable of extensive growth
with light energy driving the formation of ATP and NADPH
needed for the assimilation of carbon dioxide (Smith, 1982).
As they grow, cyanobacteria secrete large quantities of
mucopolysaccharide into their cell wall allowing cells to
adhere to each other in the form of mats. In addition,
these mats produce a biofilm that acts as a seine in the
growth medium, removing all water insoluble particles small
enough to be dragged by the film (Fig. 1). This is one way
cyanobacterial mats sequester heavy metals and toxic
compounds into their mesh for bioaccumulation or
mineralization. Paerl (1982) has shown that cyanobacterial
mats are frequently the site of intense and varied bacterial
and fungal colonization. Since it is well known that
microbial communities comprising several species are more
8
Fig. 1. Biofilm of cyanobacteria. Cyanobacterial mat
produces a biofilm that seines the growth
medium sequestering insoluble substances.
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likely to be responsible for pesticide biodegradation than
I
are single species (Wooton et al., 1993), then it can be
concluded that cyanobacterial mats with their plethora of
microbial interaction (Fig. 2), are excellent candidates for
pesticide biodegradation. Bender and Phillips (1993) have
pointed out that cyanobacterial mats possess unique
characteristics that are useful in bioremediation. Included
in their list are; (a) the presence of oxidizing and
reducing zones, (b) the ability to raise the pH of their
aqueous environment and (c) the generation of high oxygen
and redox levels during photoperiods.
THE VINCENTIAN SCENARIO
The Vincentian News (June 1, 1990) reported the use of
over 1.8 million kilograms of pesticides in the banana
industry in the Windward Islands during 1988. The Windward
Islands have a combined area of approximately 800 miles^.
This excessive use of pesticides in the Windward Islands is
intricately linked to the economic plight of these islands.
Most of their arable land is under banana cultivation.
Pesticides are supplied to the farmers through a contract
system which mandates that the cost for input (agrochemical
products including pesticides, fertilizers and pesticide-
treated plastic wrappings), supplied by the banana
purchasing company, be automatically deducted before the
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Fig. 2. Microbial mat consortium. This figure shows
the biological interdependence among organisms
in a microbial mat. This interaction
facilitates biodegradation and enhances the
survival of the mat ecosystem.
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farmer receives any profit from banana sales. Thus, this
automatic involuntary agrochemical purchase leaves farmers
no incentive for reducing pesticide use.
Using EPA method 8080A (1990), several soil samples
from pesticide-treated fields in St. Vincent were analyzed
for chlordane, carbofuran, paraquat and mocap. One of five
samples contained 5 mg/kg of chlordane in a heterogeneous
spread, probably representing a sporadic domestic dump.
Five of ten samples contained < 1 mg/kg of furadan, paraquat
and mocap while the other five contained < 0.01 mg/kg.
Given the persistent nature of chlordane, (ti/j in soil
approximately 3 years), its absence is of interest since the
compound was used as late as 1988. The absence of
carbofuran (ti/j in soil approximately 80 days) is even more
interesting since some farms from which samples were taken
were treated with carbofuran only days before sampling. Is
the absence of these pesticides a reflection of microbial
degradation? If these pesticides were degraded by microbes,
which microbial species may have been responsible for the
degradation?
SELECTED PESTICIDES
Continued attempts to develop a bioremediation
technology suitable for St. Vincent (one of the Windward
Islands), obviates the study of microbial groups capable of
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degrading multiple pesticides simultaneously. This is
because a wide range of pesticides is used on the same plot
of ground over a short period of time and often in
combination. Two such pesticides are carbofuran (2,3
dihydro-2,2 dimethyl-benzofuran-7yl methycarbamate), and
paraquat Cl (1,1-dimethy1-4,4-bipyridinium dichloride).
This research looked at the degradation of chlordane
(1,2,4,5,6,7,8,8-octachloro-2,3,3a,4,7,-7a-hexahydro-4,7-
methano-lH-indine), carbofuran and paraquat by soil
organisms. Chlorinated compounds like chlordane were
previously listed as recalcitrants, but recent works by
Tiedje et al. (1991), Hale et al. (1991), Kohring et al.
(1989), Struijs and Rogers (1989) and (Murray, 1993) have
demonstrated microbial biodegradation of chlorinated
compounds. Earlier attempts to facilitate microbial
degradation of chlorinated compounds might have been
hindered by inappropriate strategies to locate, detect and
isolate microbes of this type (Tiedje et al., 1991).
EPA review of chlordane (1986a) concluded that the
product was "probably a human carcinogen", tumor promoter,
and shows persistent bioaccumulates in the fatty tissue of
wildlife and humans. Chlordane is easily absorbed through
the skin (Gosselin, 1976) and is known to pass through the
placenta and to be excreted in breast milk (Stacey and
Tatum, 1985; Curley and Garrettson, 1969). Chlordane
poisoning may result in nervous system disturbances such as
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headache, disorientation, muscle twitch and lack of
coordination (EPA, 1989). An association was also found
between primary brain tumors in children and termicide
exposure at home (Epstein and Ozonoff, 1987). Chlordane is
reported to have caused malignant liver tumors, increased
incidence of breast cancer and soft tissue sarcoma in four
strains of mice (Becker and Sell, 1979; U.S. Department of
Health, Education and Welfare, 1971). The oral LD50 of
chlordane in rats is 343 mg/kg (Merck Manual, 1983).
Chlordane has been found to be mutagenic in the bacterial
Ames test (EPA, 1986b). There is hardly an animal, a body
system or a process that cannot be adversely affected by
exposure to chlordane. The consequences of chlordane
toxicity and persistence necessitates an in situ remediation
technology.
Kross et al. (1992) reported that carbofuran was the
most acutely toxic of the three pesticides they tested using
the Microtox method. Anton et al. (1993) pointed out that
the compound was acutely toxic to fresh water algae and
fish. The oral LD50 of carbofuran in rats is 2 mg/kg (Merck
Manual, 1983). Wooton et al. (1993), Felsot et al. (1981)
and Chaundry and Ali (1988) reported the biodegradation of
carbofuran by fungi and aerobic bacteria working in concert
in the soil. Pure cultures of these organisms, however,
possess the ability to biodegrade the compound. A bacterium
capable of using carbofuran as a sole source of carbon and
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energy was isolated by Head et al. (1992). This organism
lost its degradative ability very rapidly when grown in the
absence of carbofuran. Edwards et al. (1992) examined
bacterial population changes in soil after carbofuran
treatment. These researchers reported a large increase in
Pseudomonas sp. populations following carbofuran treatment.
They concluded that this was an economically significant but
poorly understood phenomenon. Temporal variation in
carbofuran degradation appears to be dominated by soil water
content (Parkin and Shelton, 1992).
The widely used herbicide paraquat (ti/2 in soil
approximately 50 days), adsorbs to soil particles readily
and irreversibly (Kearney et al., 1988), but little is known
of its effects on microbes or their ability to degrade it.
Suntres et al. (1992) reported that rats were killed 24
hours after intraperitoneal injection of 20 mg/kg of
paraquat. Despite its toxicity, LD50 125 mg/kg in rats
(Merck Manual, 1983), comparatively few invertebrate impact
studies have been carried out with paraquat (Muirhead-
Thomas, 1989). Torres et al. (1992) reported genotoxic
effects of paraquat on Drosophila melanogaster in a wing
spot test. Very low concentrations of paraquat inhibits the
Ca^*-transport-ATPase in hvunan erythrocytes (Janik and Wolf,
1992). Paraquat also causes acute adult respiratory
distress syndrome and chronic lung damage resulting from
death of type II pneumocytes with consequent depletion of
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surfactant (Salmona et al., 1992). At 5 mg/kg this
herbicide causes significant decreases in dynamic lung
compliance (Shinozaki et al., 1992).
RESEARCH OBJECTIVES
In phase one of this research, chlordane degradation by
a silage microbial mat (SMM) was demonstrated. A subculture
of microbes isolated from the SMM ecosystem and dominated by
exotic red bacteria (ERB) degraded chlordane much faster
than the SMM consortium. Given the chemical composition of
chlordane, carbofuran and paraquat, the hypothesis was that
if a mixed microbial culture dominated by the ERB was
challenged with any one of these pesticides in an aqueous
medium, the ERB dominant culture (ERBDC) will degrade the
pesticide. Further, if a quantity of ERBDC was added to a
previously sterilized soil followed by the application of a
mixture of these three pesticides, the ERBDC will biodegrade
all components of the mixture. Given the potential for
pesticide degradation by microbes (Alexander, 1972), any
attempt to increase microbial population in any system where
degradation is likely to occur can be considered microbial
enhancement. Such microbial enhancement is likely to change
the dynamics of degradation in the system. Therefore, the
research objectives were: (1) To compare the rates of
degradation of the selected pesticides in two different soil
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types without microbial enhancement or nutrient enrichment;
(a) soil from a pesticide-treated banana farm in St.
Vincent, (b) soil from a non-treated area in Georgia.
(2) To determine whether or not the ERBDC has the ability
to degrade a mixture of chlordane, carbofuran and paraquat
in a sterilized soil environment.
(3) To compare the rate of degradation of the pesticide
mixture among soils with the following additions: (a)
ERBDC, (b) SMM, (C) ERBDC plus SUM.
(4) To identify visible toxic effects of leachate from
pesticide treated soils (objective 1 and) on human hepatoma
cells.
RATIONALE AND APPROACH
There are three possible routes for the disappearance
of carbofuran, chlordane and paraquat from the soil as seen
in the Vincentian scenario. (a) the pesticides could have
been leached from the soil by runoff stormwater, (b) the
pesticides could have spontaneously degraded chemically or
photo-chemically, or (c) the pesticides could have been
degraded by microbes.
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DETERMINING MECHANISM(S) OF PESTICIDE DISAPPEARANCE FROM
VINCENTIAN FARM SOIL
To determine which of the previously mentioned
possibilities most likely occurred in the Vincentian
scenario, a series of laboratoiry tests were performed using
soil samples from a banana farm in St. Vincent.
In the first test, sterile soil samples were treated
with 100 mg/kg of a single pesticide. The beakers which
contained the soil samples were kept at room temperature in
an environmental chamber for 21 days. The fact that this
test was conducted in the laboratory in enclosed systems,
eliminated the possibility of pesticide loss by runoff
water.
The sterilization of the soil in this test was intended
to kill all microbes, while the use of the environmental
chamber mimicked the light and temperature of the natural
environment. This experiment assesses possibility (b) .
A second test was conducted with soil samples from a
pesticide-treated banana farm in St. Vincent and soil
samples from a backyard in Northeastern Atlanta (Georgia)
with no known history of pesticide treatment. Samples from
both locations were treated (a) with 100 mg/kg of the
individual pesticide and (b) with a mixture of 50 mg/kg of
each of the three pesticides. This experiment compares the
rate of single pesticide degradation in soil having a
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history of high-level pesticide exposure (SVG) with soil
having no history of pesticide exposure. This test thus
addressed possibility (c), while providing an opportunity
for bacterial isolation (objective 1).
ASSESSING THE DEGRADATIVE POTENTIAL OF SELECTED MICROBES
In addressing objective (2), two species of ERB were
cultured from the Vincentian banana farm soil (Fig. 3) and
challenged with carbofuran and paraquat individually (in a
carbon-free mineral medium) for 21 days. The growth medium
containing the ERB was then analyzed for the presence of the
pesticide. The ERB were added to sterile samples of Georgia
top soil which were then challenged with the pesticide
mixture and allowed to stand for 21 days. The soil was then
analyzed (EPA method 8080A) for the presence of the
pesticides.
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Fig. 3. Exotic red bacteria. Two species of exotic
red bacteria isolated from pesticide-treated
soil. These species were also found




Two categories of experiments are outlined in these
methods (Fig. 4): (1) Comparison of the degradation rates
of the three pesticides applied singly, each to different
samples of sterile soil from St. Vincent and the Grenadines
(SVG), non-sterile soil from SVG, and top soil from Georgia;
(2) Comparison of the degradation rate of the pesticide
mixture in; (a) non-sterile soil from a SVG banana farm, (b)
sterile soil with added ERBDC, (c) sterile soil with added
SMM, and (d) sterile soil with added ERBDC plus SMM.
Toxicity tests were also carried out as an indirect
measure of pesticide degradation. Bacteria isolated from
SVG banana farm soil were used in the construction of the
ERBDC.
SOIL COLLECTION
Soil samples from SVG banana farms and forest were
extracted with a 2 cm diameter soil borer to a depth of 10
cm. The soil borer was lined with a plastic tube which was
extracted and capped at both ends (Fig. 5). These tubes
were washed, placed in coolers and transported by air to the
21
Fig. 4. Experimental design. A schematic of the







































Fig. 5. Samples of Vincentian soil. A. Soil from
banana farm in St. Vincent is transported to
the U.S. in sealed tubes. B. Vincentian
soil displayed in petri dish.
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CAU Environmental Biology Laboratory. The soil was imported
in accordance with USDA quarantine regulations 7 CFR
330.300. After use, all SVG soils were autoclaved at 150°C
and 15 psi pressure for one hour before disposal.
Georgia top soil was obtained from a backyard in
Northeastern Atlanta with no known history of pesticide use.
This soil was collected in a similar fashion to the SVG
soil.
SOIL EXPERIMENTS
To compare the degradation rates of chlordane,
carbofuran and paraquat among the various soil types, a
series of experiments were performed. In all cases, 60 g
(dry weight) soil samples were used. All seunples were kept
moist with deionized water and covered with clear plastic
cling wrap. The portion of each beaker containing the soil
was covered with aluminum foil (Fig. 6) to exclude light.
This was a further attempt to mimic the natural environment.
The samples were held at room temperature in a Biotronette
Mark III environmental chamber programmed to a 12 hour
light:dark regime for the duration of the experiment. All
experiments were done in triplicate with a reaction time of
21 days. The soil samples were then analyzed for pesticide
residues. Controls containing sterile soil and the same
24
Fig. 6. Experimental beakers. The photograph shows
experimental beakers in an environmental
chamber. This was the carbofuran test of
the single pesticide experiment. The
aliaminum foil was partially removed to make
the soil visible.
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concentration of pesticides as the experimental were
analyzed at time zero.
The 21-day reaction time was chosen based on Hague and
Freed's (1975) principles of pesticide degradation in soil
(Fig. 7). This principle delineates a delay in degradation
following the pesticide application. During this delay, the
bacteria goes through a lag phase (period of no growth)
followed by an enrichment period (period of rapid growth)
before degradation begins as a first order reaction. The
21-day period thus provides adequate time for the
preliminary reactions and some degree of degradation.
EXPERIMENT 1. Samples of Georgia top soil were treated with
100 mg/kg of one of the three pesticides. Samples of soils
from SVG banana farms were similarly treated. In a parallel
experiment, samples of Georgia top soil and SVG soil were
sterilized by autoclaving at 150 °C, 15 psi of pressure for
one hour. After cooling, each sample was treated with 100
mg/kg of one of the three pesticides.
EXPERIMENT 2. In these experiments, a pesticide mixture
containing 50 mg/kg of each of the selected pesticides was
added to different samples of sterile soil containing one of
the following microbial groups: SMM, ERBDC, or SMM plus
ERBDC (Figs. 4 and 8). At 21 days, the samples were used in
one of three ways: (a) to provide pesticide-resistant
26
Fig. 7. Degradation curve for pesticides in soil
plotted on a linear scale: A-B microbial
lag period; B-C enrichment; D-E entrapment in
soil organic matter (Hague and Freed, 1975).
PERCENTDEGRADATIONOFPESTICIDE
TIME
Fig. 8. Microbes in soil. The beakers at the ends
show sterile soil with SMM and ERBDC
(Experiment 2d). The beaker in the middle
shows sterile soil with ERBDC only
(Experiment 2b).
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bacterial populations, (b) to analyze for pesticide residue,
and (c) to generate water columns for toxicity studies.
BACTERIAL ISOLATION
Bacteria that survived and grew in the presence of the
pesticide mixture were isolated on agar plates (Fig. 9). To
obtain the bacteria, 5 g of the pesticide-treated soil was
put into 5 ml of sterile tap water and thoroughly mixed
manually. After sedimentation, serial dilutions (10°, 10"^,
10"^, etc.) of the water column were made. From each
dilution, 0.1 ml was then put onto agar plates. The agar
plates were prepared by adding 12 g of DIFCO Bacto-agar to
one liter of mineral media (MM). MM contained the following
constituents in grams per liter: KjHPO*, 4.8; KH2PO4, 1.2;
NH4NO3, 1.0; MgSO^.VHjO, 0.2; Ca(N03)2.4H20, 0.4; and Fe2(S04)3,
0.001. The pH was adjusted to 7.0. The pesticide mixture
provided the only source of carbon. All pesticides in this
mixture had a concentration of 30 mg/1. These plates were
incubated on bench tops at room temperature. Colonies that
developed on these plates were transferred to an enrichment
medium (Lauria broth or similar medium) for growth
enhancement. These microbes were added to soil samples with
the expectation that they would enhance the rate of
pesticide degradation.
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Fig. 9. Microbes isolated from pesticide treated soil.
A and B are Pseudomonas spp. The large white
colonies are mainly fungi.
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ISOLATION OF THE EXOTIC RED BACTERIA
Because the ERB demonstrated their degradative ability
in previous experiments (Murray, 1993), they were automatic
choices for this series of experiments. These ERB colonize
semioxic zones beneath cyanobacterial mats. To obtain
microbial cultures dominated by these organisms, 5 ul of
culture medium were taken from 5 mm below the surface of a
cyanobacterial mat. This was dispensed into a 20 ml test
tube containing sterile media with the following
composition; Allen and Arnon media (AA) (Allen and Arnon,
1955), silage/cyanobacteria extract, and soil wash (1:1:1).
Silage/cyanobacteria extract was prepared by blending 5 g of
ensiled grass clippings and 5 g wet cyanobacteria culture in
a Presto blender with 100 ml of distilled water. After
blending, the mixture was filtered and 3 g/1 DIFCO Bacto-
agar added. The mixture was then autoclaved and cooled to
room temperature before use.
Soil-wash was prepared by mixing top soil and/or
estuary soil and water in a 2:1 ratio (v/v). The mixture
was allowed to stand for 24 hours before the liquid was
separated by filtration. The clear filtrate, soil-wash, is
autoclaved before use.
Since an aseptic method was not used to obtain the ERB
in the aforementioned discussion, the cultures can be
considered impure. To obtain pure cultures, an aseptic
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method was then used to make subcultures on plain, sterile
agar plates. Single colonies thus obtained were then
transferred to a sterile silage/cyanobacteria extract for
growth.
Bacterial species obtained by the isolation methods
previously described, were challenged with pesticides in MM.
The challenges were presented as (a) single pesticide, and
(b) a pesticide mixture in separate experiments.
EXPERIMENT 2a. This experiment assessed the ability of the
naturally occurring microbes in the SVG banana farm soil to
degrade the pesticide mixture. For this purpose, non-
sterile soil from a SVG banana farm was treated with the
pesticide mixture (50 mg/kg of each of the selected
pesticides) and held in the environmental chamber under
conditions previously described. At the conclusion of the
test period, the soil samples were extracted and analyzed
for pesticide residues.
EXPERIMENT 2b. In this experiment, samples of Georgia's top
soil were sterilized as in experiment 1. Fifteen ml of
ERBDC (10^^ cells per ml as determined by spectrophotometry)
were added to each soil sample (Fig. 8). All other
parameters were similar to those described previously. At
the end of the experiment, the contents of the beakers were
extracted and analyzed like all other soil samples.
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The ERBDS contained four species of microbes isolated
from SVG banana farm soil; two species of ERB and two
species of Pseudomonas. The initial ERB population was
twice that of the Pseudomonas, The population densities
were determined by spectrophotometry. This experiment
addressed objective 2.
EXPERIMENT 2c. In this experiment, a SMM replaced the ERBDC
used in experiment 2b. The SMM was cut into circles with
the same diameter as the beaker. The SMM was placed on the
surface of the soil in the beaker. All other parameters and
procedures followed experiment 2b.
CONSTRUCTING A SMM
To construct a SMM, ensiled grass clippings (7 g/1
wet weight) were added to enrichment medium. Enrichment
medium is a mixture of Allen and Arnon medium (Allen and
Arnon, 1955) and soil-wash (1:1, v/v). One cm^ of mature
mat (10-14 days old), cut into smaller pieces, provides
enough inoculum for 100 cm^ surface area (Bender et al.,
1989). Culture flasks thus prepared are placed in an
environmental chamber supplying 90 lux of light at 28°C.
Under these conditions, a floating SMM develops in about 7
days.
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EXPERIMENT 2d. This experiment differs from experiment 2b
in that it contained a cyanobacterial mat component (Fig.
8). Cyanobacterial mat, enough to cover the soil surface,
was placed on top of the sterile soil containing the
pesticide mixture and the ERBDC. All other parameters and
procedures were the same as those of experiment 2b.
PESTICIDE COMPOSITION
In this work, commercial grade pesticides were used in
all cases. Chlordane, manufactured by Velsico Chemical
Corporation, contained 74% chlordane, 10.2% petroleum
distillate, and 15.8% inert ingredients. The stock solution
contained 0.96 kilograms of chlordane per liter.
Carbofuran and paraquat are manufactured and marketed
by International Chemical Industries. Carbofuran is
supplied in a granular formulation. The pure compound is
layered onto an inert substrate which accounts for 30% of
the commercial product. Paraquat is supplied as a liquid
with 30% inert ingredients.
EXTRACTION AND ANALYSIS OF PESTICIDE RESIDUES
Procedures adapted from EPA method 8080A (EPA, 1990)
were used for extraction of pesticide residues in all cases.
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The effectiveness of this method and its suitability to the
work at hand were tested in preliminary experiments.
Solid samples (soil), were extracted via a 550 Sonic
Dismembrator (Fisher Scientific) using three 60 ml voliunes
of acetone:methylene chloride (1:1 v/v) mixture (boiling
point 40°C). Each round of sonication lasted for 3 minutes.
The extract was decanted onto anhydrous sodium sulfate in a
medixun grade filter paper set in a glass funnel. Liquid
samples (growth media) were washed three times in their
equivalent volume of the extracting solvent.
All extracts were concentrated to approximately 1 ml
volumes in a Labconco rotary evaporator. The remainder of
the extracting solvent was exchanged with hexane (boiling
point 69°C) . This was done by adding 1 ml of hexane to the
condensing flask, then heating it to 50°C in a water bath.
The extracting solvent evaporated leaving the pesticide
residue dissolved in the hexane. This solution was then
filtered through a florisyl prepsep filter. Pesticide
residues obtained in this way were analyzed by gas
chromatography (GC) and/or high performance liquid
chromatography (HPLC).
Gas chromatography has been the primary method for
trace analysis of pesticide residues in environmental
samples since the mid-1950s. The high signal to noise ratio
of this instrument gives it a lower minimum detection limit
and greater sensitivity than the HPLC. A 3400 Gas
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Chromatograph (Varian) fitted with an electron capture
detector was used for pesticide residue analysis. The
instrument was fitted with a DB-608 column, 30 m x 0.53 mm
ID. The oven was programmed to increase from 140°C to 275°C
at 6°C per minute. The total elution time was 20 minutes.
HPLC has been used to detect a wide range of pesticide
residues since 1971 (Henry et al., 1971). This instrument
is less sensitive and more basic than the 6C. It is
therefore better suited for qualitative analysis.
Modification of the instrument by addition of an appropriate
detector and column coupled with a computerized data
generating system, makes the instrument satisfactory for
quantitative analysis. To this end HPLC sample analyses
were performed on a Beckman Instrument driven by Systems
Gold software (Kennedy et al., 1990) and equipped with a
Whatman reverse-phase RAC II column 5 (ODS-3; length 10 cm,
I.D. 4.6 mm). Attempts to separate the pesticide mixture
with a single method was not very successful. Consequently,
separate methods were developed for each pesticide. For
carbofuran, the mobile phase was a mixture of methanol and
water run on a 40/60 linear gradient (Moye, 1980). A UV
detector monitoring 254 nm was employed for the detection of
the pesticide. A flow rate of 2 ml/min with a total elution
time in the order of 20 minutes (Moye, 1980; Kirkland, 1973)
completed the analysis. The paraquat method used water as
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the solvent with a flow rate of 1 ml/min. All other
parameters were identical to those for carbofuran.
RADIOACTIVE ANALYSIS
Despite the effective method of extraction and analysis
used in this study, the question of the final destination of
the pesticides still looms. To address this question, ^Re¬
labelled carbofuran (FMC Corporation, Princeton, NJ) was
used in a series of biological treatments (Phillips,
unpublished data, 1993). The labelled carbofuran was added
to non-nutrient media in a 25 ml test tube fitted with a KOH
trap (Fig. 10). Microbial mat, bacteria, or other
biological treatment was added to the medium before the
flask was sealed. At 1, 8, and 15 days the KOH trap was
removed and analyzed for radioactivity.
TOXICITY STUDIES
In these experiments, leachate from soil preparations
identical to those of EXPERIMENTS 2b, 2c and 2d (Fig. 4)
was applied to healthy, growing human hepatoma cells.
Toxicity was measured by changes in cell count, viability
and total protein (Fig. 11).
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Fig. 10. Design of radiolabelled experiment. The
diagreim shows how the various components of




Pesticide pathway. A schematic of the
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Untreated human hepatoma cells were purchased from
American Type Culture Collections. The cells were incubated
in sterile dishes at 37°C. Two days after seeding, control
cultures were fed Dulbecco Modified Eagle's Medium with 4.5
g/1 glucose supplemented and 10% Fetal Bovine Serum.
Experimental cultures were fed medium containing leachate
from experiments 2b-2d. Cells were harvested and washed
with Hanks Balanced Salt Solution at 24, 48, and 72 hours
before the protein assays were performed. Total protein,
measuring cell productivity, was determined using the Bio-
Rad Protein Assay. Cell count was determined by light
microscopy while viability was determined using the MTT in
vitro toxicology assay kit (Sigma).
STATISTICAL ANALYSIS
In order to compare degradation rates and determine the
validity of the numerical data obtained in these
experiments, the data was subjected to various statistical
treatments. In all of these cases, a MINITAB data analysis





Several rounds of experiments were carried out to
determine the fate of chlordane, carbofuran, and paraquat
after soil application. At 21 days, all soil samples were
subjected to sonic extraction. The extracts thus obtained
were analyzed via HPLC or GC/MS for the presence of the
appropriate pesticide. Figure 12a is a GC scan of a
chlordane standard while Figures 12b and 12c typify HPLC
chromatograms of commercial carbofuran and paraquat,
respectively.
EXPERIMENT 1.
Less than 5% loss of pesticide was observed when
sterile soil from a SVG banana farm was exposed to 100 mg/kg
of carbofuran and chlordane in separate experiments over a
21 day period. Approximately 10% of the paraquat used in
similar experiments was unaccounted for (Table 1).
Non-sterile (SVG) soil, treated in an identical manner,
exhibited a much greater loss of carbofuran (63.5%), and
paraquat (59%) over the same period of time. The chlordane
loss of 8% was only 3% higher than seen in the sterile soil.
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Fig. 12a. A GC scan of a chlordane standard.
A compound with retention times of 17.2 and
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Fig. 12b. HPLC chromatogram of commercial Carbofuran.
Any peaks with retention times of 2.1 to 2.6





























Fig. 12c. HPLC chromatogram of commercial paraquat. Any
peaks with retention times between 0.4 and 0.6
were considered as paraquat.
Absorbance






TABLE 1. Single pesticide recovery. Three different
preparations of soil were treated with a single
pesticide (carbofuran, parac[uat, and chlordane)
in triplicate. Each sample was analyzed for its
pesticide content after 21 days. SD = standard
deviation.
Soil Description % Carbofuran Recovered X % Loss SD
Non-Sterile SVG 35 38 32 63.5 2.1
Sterile SVG 96 95 96 4.5 0.7
Georgia Top 66 68 69 33 1.4
Soil Description % Paraquat Recovered X % Loss SD
Non-Sterile SVG 42 40 38 59 1.4
Sterile SVG 88 92 89 9.5 2.1
Georgia Top 69 71 70 30 1.4
Soil Description % Chlordane ]Recovered X % Loss SD
Non-Sterile SVG 93 91 89 8 1.4
Sterile SVG 96 96 94 4 0
Georgia Top 92 90 94 9 1.4
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Georgia top soil, with no history of pesticide
exposure, exhibited a similar pattern to the non-sterile SVG
soil but the loss of paraquat and carbofuran was less than
that seen with the non-sterile SVG soil (Table 1 and Fig.
13). The chlordane loss in all cases was < 10%.
From the profile seen in Fig. 13 and the data in Table
1, it is evident that some factor(s) present in Georgia top
soil and the SVG non-sterile soil is (are) responsible for
the loss of pesticides from these soils. The most obvious
factor common to these two soils and missing in the sterile
soil is the microbes. A report on these organisms is
presented below.
EXPERIMENT 2.
When non-sterile soil from a SVG banana farm was
treated with the pesticide mixture and extracted at time
zero, there was no significant loss (p < .05) of pesticide
(Table 2). However, when identical seunples were cultured
for 21 days prior to extraction and analysis, there was a
significant increase (p < .05) in pesticide disappearace.
However, the rate of disappearance of the pesticides here
was significantly less (p < .05) compared to that seen in
the single pesticide experiments. Paraquat degradation
decreased by 11%, carbofuran by 8% and chlordane by 2%
(Tables 1 and 2).
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Fig. 13. Profile of pesticide loss. The histogram
shows the amount of pesticide lost from




























TABLE 2. Pesticide recovery. Non-sterile soil from a SVG
banana farm treated with pesticide mixture. The
table shows the percentage of individual
pesticide recovered from each sample at time
zero (A) and at day 21 (B).
A
Pesticide Sample 1 Sample 2 X% recovered
Garbofuran 96 97.5 96.5
Paraquat 94 98 96
Chlordane 98 98.5 98
B
Pesticide Scimple 1 Sample 2 Sample 3 X% recovered
Carbofuran 46 39 41 42
Paraquat 49 50 57 52
Chlordane 93 95 94 94
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When various combinations of the selected microbes were
infused into sterile soil prior to pesticide treatment (Fig.
4), the degradation rates of carbofuran and paraquat
differed only marginally from that observed in non-sterile
soil (Tables 2 and 3 and Fig. 14). The most significant
differences were seen in the rates of chlordane degradation
which fell by over 10% in some cases. The fastest rate of
degradation was observed in cultures treated with both SMM
and ERBDC prior to the addition of the pesticide mixture.
BACTERIAL IDENTIFICATION
Several species of bacteria and fungi from SVG non-
sterile soil were isolated on agar plates (Fig. 9). These
microorganisms were all resistant to the concentration of
the pesticide mixture used. The small, white colonies and
the large slime-producing colonies (Figs. 9 A and B) grew
readily in Lauria broth. Gram stain revealed that they were
rod-shaped and gram negative (Fig. 15). Lipid analysis
performed by Analytical Services, Inc. of Vermont identified
them as Pseudomonas spp. Two other strains developed later
that were rod-shaped and responded negatively to staining.
Lipid analysis by Analytical Services, Inc. was unable to
characterize them definitively and labelled them as exotic.
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Table 3. Pesticide recovery for experiment 2. Sterile top
soil treated with pesticide mixture and infused
with desired bacteria. (A) Culture of SMM was
added to the soil before the pesticide addition.
(B) ERBDC was added before pesticide addition.
(C) A mixture of SMM and ERBDC was added before
pesticide addition. The table shows the
percentage of each pesticide recovered from each
sample. Some samples were lost after extraction.
These are designated *.
A
Pesticide Sample 1 Sample 2 Sample 3 X% recovered
Carbofuran 56 49 53 52.6
Paraquat 60 58 64 60.6
Chlordane 88 82 90 86.6
B
Pesticide Sample 1 Sample 2 Sample 3 X% recovered
Carbofuran 45 58 52 51.6
Paraquat 49 56 64 56.3
Chlordane 73 * *
C
Pesticide Sample 1 Sample 2 Sample 3 X% recovered
Carbofuran 39 42 46 42.3
Paraquat 54 58 57 56.3
Chlordane 83 68 80 77
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Fig. 14. Profile of pesticide degradation in experiment 2.
The histogram shows the approximate amount of




















NON.ST ERBDC SMM ERBDC+SMM
Fig. 15. Pseudomonas spp. response to Gram Stain
(Carr-Scarborough Microbiological, Inc.).
Enhanced gram stain procedure was used
to stain these cells. Photograph taken from
a light microscope under oil.
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MINERALIZATION OF LABELLED CARBOFURAN
Analysis of the contents of the KOH trap in the radio
labelled experiments with carbofuran revealed the presence
of radiolabelled carbon dioxide (^‘COj) (Phillips,
unpublished data, 1993). In cultures containing
cyanobacterial mat, it was observed that there was more
radiolabelled carbon dioxide in cultures maintained in
darkness than in cultures exposed to light (Table 4). This
difference was not observed in cultures containing bacteria
as the biological treatment. The rate of production of
radio-labelled carbon dioxide was much faster in cultures
containing cyanobacterial mat than those containing only
soil or bacteria.
TOXICITY ASSAY
Table 5 svimmarizes the results of the toxicological
analyses. These nvimbers indicate that control cultures had
significantly greater cell count (p <.01) than the
experimental cultures. However, this difference was not
observed when the protein concentration was determined. The
cells in the experimental cultures grew larger and were less
uniform in shape than the cells in the controls. Among the
experimental cultures, there was a significant difference in
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TABLE 4. Degradation of radiolabelled carbofuran.
Radiolabelled carbofuran exposed to microbes
produced varying amounts of under light
and dark conditions. The numbers are DPM obtained
from scintillation counting of the contents of the
KOH traps.
Treatment Dpm/ml at
24 hours 8 days 15 days
Carbofuran/mat/soil
In light 30.19 95.93 112.5
Control 16.34 29.51 25.38
In dark 43.20 160.5 238.78
Control 23.06 35.05 49.94
Carbofuran/bacteria/AA
In dark 11.11 69.14 138.52
Control 7.33 44.86 68.40
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TABLE 5. Toxicity analyses. Cell counts and protein
production over time, after human hepatoma cells
were bathed with leachate from pesticide-treated
soils. Before pesticide addition, a variety of
microbes were added to the soil. Cells were
counted x 10® while protein was measured in
mg/ml.
Microbes added 24 hours 48 hours
cell protein cell protein
count cone. count cone.
X 10® mg/ml X IO5 mg/ml
None (Control) 3.75 0.0397 8.08 0.0729
Bacteria only 2.30 0.043 5.5 0.0638
Mat (SMM) only 2.8 0.044 6.82 0.0864
Mat and Bacteria 2.97 0.0429 7.12 0.0697
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cell count between those treated with leachate from
pesticide-treated soil to which either ERBDC alone or SMM
alone was added. One interesting feature was that the
protein concentration was higher in cultures treated with
leachate from pesticide-treated soil to which SMM was added




SOCIAL CONSEQUENCES OF PESTICIDE USE
The world is entering a new era, one in which future
economic progress depends on reversing environmental
degradation. Today, environmental degradation is directly
affecting national and global economic trends (Brown, 1993).
Soil death, falling water table, contaminated rivers, lakes
and acfuifers, disappearing plant and animal species,
contaminated food and environmentally-induced illnesses are
global phenomena. All of these man-made problems are
negatively impacting the world's economy.
Underdeveloped countries, with fragile ecologies and
economies, inadequate health services and an extreme
shortage of trained personnel, are experiencing
unprecedented hardships. In order to sustain these
agricultural economies, these countries are forced to use
excessive amounts of pesticides manufactured in the
developed countries. It should be noted that in 1985, 25%
of pesticides exported from the United States were
unregistered there (US GAO, 1989). As the farmers clear the
land for agriculture, they destroy the natural vegetation
and replace it with a single crop which is readily attacked
by a host of invertebrates in search of food and a new home.
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With time, the cash crop succumbs to one or more of these
organisms, necessitating the use of pesticides. These
pesticides are often used by untrained, illiterate persons
who ignore safety warnings thus putting themselves and large
numbers of persons at risk.
Pesticides applied to soil and plants will eventually
find their way into various water bodies as a result of
leaching and storm water run off. Once in the water, all
forms of aquatic life are at risk. Terrestrial animals
which come to the water for a drink or a bath are not
exempted from the toxic effects of these pesticides. The
economic cost of pesticide control measures in the United
States exceeds $6 billion annually (Pimental, 1991). What
does this mean for small countries like the Windward Islands
whose total budget is less than the equivalent of $6 billion
U.S., yet, per unit area, these countries use approximately
20 times the amount of pesticides used in the United States?
As if to add insult to injury, many third world countries
have deliberately set themselves up as pollution havens to
attract foreign investment (Leonard, 1988). Today, the cold
reality is hitting home in places like Mexico where rivers
are death traps and river-bank dwellers are communities of
deformed babies.
In addition to direct poisoning, there is the problem
of food contamination. People who fish in the Chattahoochee
River, Georgia, are warned not to eat the largemouth bass
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because of chlordane poisoning (Georgia Department of
Natural Resources, 1991). There are no such warning signs
along the Vincentian river banks. Indeed, there need not
be, aquatic life in St. Vincent is virtually extinct. There
are no documented records but one is left to wonder about
the safety of root crops (example: sweet potato) planted on
pesticide-treated soil. In many cases, contaminated food
from Hawaii, Vietnam and Central America (Greenpeace Report,
1989), were detected in the United States. While such foods
are discarded when discovered in the United States, they are
consumed daily in the countries of origin.
The bioremediation approach presented here might seem
inappropriate for the Windward Islands where the presence of
pesticides in the soil is the desired condition. In these
islands, soils with large populations of active degradative
microbes are known as "problem soils". This is because the
pesticide does not remain resident and effective in the soil
for long periods, necessitating regular application of the
relevant pesticide. As can be seen from the rate of
degradation of carbofuran and paraquat in non-sterile SVG
soil, and sterile soils with added microbes isolated from
pesticide treated soil, t^/j is approximately 15 days.
Compare this with t^/j of 80 days for carbofuran in soil with
no history of pesticide treatment as reported in EPA Farm
Manual (1985) and supported by this work. The term "problem
soil" becomes very appropriate under these conditions, as it
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requires almost monthly applications of expensive pesticides
to achieve the required result. Why then consider
bioremediation under these conditions? Given the petite
nature of these islands and the agricultural base of their
economies, a problem like that in Florida (Raver, 1992) can
spell disaster for these islands. Given the fact that
Benlate, the pesticide that allegedly caused the Florida
problem, is currently being used in these islands, a
bioremediation approach of this nature should be of major
interest to the Windward Islands.
The bacteria used in this study were all isolated in
their natural forms from pesticide-treated soil. No genetic
engineering or crossing was required, making the technology
very appropriate to underdeveloped or developing countries.
Of course, there are many other species of microbes in any
soil besides the ones used here. Some of these might be
human pathogens or vectors of any number of diseases.
Consequently, care must be taken in isolating and storing
microbes. It is highly recommended that trained persons
be charged with the responsibility of conducting or
supervising such operations.
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BACTERIAL ASSOCIATION WITH FUNGI NOT NECESSARY FOR
DEGRADATION
In preparing the bacteria for characterization, several
rounds of sub-culturing had to be done to arrive at very
pure strains. One of the most common associations found
with all the bacterial strains was a symbiotic relationship
with fungi. This suggests that under normal conditions in
non-sterile soil, this association exists. This finding is
supported by the work of Chaudhry and Ali (1988). These
researchers found this association to be effective in the
degradation of carbofuran. However, none of the experiments
performed in this work utilized fungi. It is therefore
clear that this association, while normal, is not obligatory
for bacterial degradation of any of the pesticides tested.
LOSS OF PESTICIDE WAS DUE TO DEGRADATION
It is customary to use estimated pesticide residues in
soil to determine degradation rates (EPA, 1985). In
addition to estimated levels as determined by the toxicity
assay, this study used results obtained by HPLC and GC/MS
along with radiolabelled tracing (Phillips, 1993) to confirm
that the loss of pesticide was due to degradation
(mineralization). Since no intermittent sampling was done,
rate determination in this study was calculated according to
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the following equation: initial concentration - final
concentration / time. This method did not allow for the
generation of a rate constant, therefore, the order of
degradation could not be determined.
TOXICITY ASSAY CONFIRMS LOSS OF PESTICIDE
Although toxicity studies are important tools in
policy-making decisions, they must be well understood for
maximum benefits. The toxicity of a chemical does not in
itself indicate that the environmental risk associated with
its use are unacceptable (EPA, 1991). Hence the changes
observed in human hepatoma cells following pesticide
treatment does not reflect the extent of the damage done to
the Vincentian environment by the persistent use of
pesticides. The results merely indicate potential damage
that can be sustained by hvimans exposed to the pesticide at
a given level.
Because carbofuran has an LD 50 of 2 mg/kg
(approximately 1 x 8"^ millimoles per kg) over 96 hours, a
control experiment was designed using a 4 millimolar
concentration of each pesticide. This was a compromise
between the LD 50 as reported by Merck (1983) and the
expected concentrations in the leachate obtained from
experimental soils. Although water is not an effective
solvent for all pesticides used (i.e. chlordane), its use
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here is very appropriate. It was necessary to avoid organic
solvents for the safety of the cultures. Moreover, it is
the effects of field runoff water that was being tested.
Physically stirring the soil was intended to mimic the
tumbling effects of sediments in storm water.
The fact that the experimental cultures produced fewer
but larger, irregularly shaped cells without a reduction in
total colony protein production, indicates some disruption
to the reproductive mechanism of the cells. The
experimental design did not yield the kind of data that can
determine the nature of the disruption.
The addition of the microbial mat to the pesticide-
treated soil seemed to have served a dual function. Not
only did it enhance mineralization of the pesticide but the
life of the other microbes were enriched. This is obvious
by the bloom in microbial populations observed in the
presence of the mat and the increased protein concentration
observed in cultures treated with leachate obtained from
soil on which the mat was grown (Table 5).
In previous experiments (Murray, 1993), copepods
exposed to 25 mg/1 of chlordane survived only 90 minutes.
This fact, coupled with the lack of knowledge concerning the
ability of the hepatoma cells to withstand high
concentrations of the pesticide mixture, lead to the use of
relatively low concentrations of the pesticide mixture in
these experiments. The results therefore, cannot begin to
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explain the health problems experienced by Vincentians and
other peoples of third world countries who use these
pesticides continually at very high concentrations.
Regardless of the concentration, exposure to pesticides have
serious consequences. Small doses of a lethal drug ingested
over a long period of time may have a far greater impact on
a community than a single large dose. The single large dose
exerts its effects immediately and can often be treated with
antidotes. Small doses ingested in food or water over long
periods of time may result in carcinogenesis and/or genetic
mutations which affect future generations.
The results of these toxicity studies confirm the
lethal nature of these compounds as reported by Janik and
Wolf (1992), Shinozaki et al. (1992) and Anton et al.
(1993). In addition, it establishes in an indirect manner,
the effectiveness of the selected microbes in degrading the
pesticides. Given the fact that the initial concentration
of all pesticides in the sterile soil was > 0.2 millimoles
yet the toxic effects of the water column on the human
hepatocytes were less than observed with lx 8'^ millimoles,
it is clear that there was a loss in pesticide
concentration. Since controls analyzed at time zero showed
no significant loss of pesticide (p <.01), and sterile soil
with single pesticide addition retained better than 90% over
a 21-day period, the loss of pesticides experienced in these
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experiments must be attributed to bacterial biodegradation.
MINERALIZATION OF CARBOFURAN
The fact that the labelled carbon from the carbofuran
was released as carbon dioxide indicated that the carbofuran
was mineralized. This confirms that the disappearance of
the pesticides was not due to extraction or analytical
errors or to any other experimental failure, but must be
attributed to effective degradation by a variety of
microbes.
The fastest mineralization rate (93.11 ug/kg in 15
days) was observed in the flasks containing carbofuran, SMM,
and AA. This result was masked, however, and does not do
justice to the efficiency of the system. Because
cyanobacteria are active photosynthesizers, they readily
incorporate parts of the mineralized carbofuran, namely the
into their cells. This is not the case with other
bacteria, hence the reason for the rather consistent
activity seen with other bacteria under both light and dark
conditions. In all cases, the rates of degradation were
much slower than those reported by Talebi and Walker (1993).
These researchers applied “C labelled carbofuran to soil
that had been pretreated with carbofuran and observed the
loss of 97% of the carbofuran in seven days.
65
SEQUENCE OF DEGRADATION IN PESTICIDE MIXTURE
This project was designed to assess the ability of
mixed cultures of soil microbes to degrade a mixture of
three pesticides. Given the dynamics of pesticide
degradation as pointed out by Hague (1975) and EPA (1985),
all experiments were allowed to run for 21 days except for
the toxicity tests which ran for a maximum of 72 hours.
Consequently, no intermittent analyses were done. It is
clear from the results that all three pesticides were
degraded to some extent but at differing rates. There can
be no definitive statement as to which pesticide was first
attacked by the degrading microbes. However, given the
degree of degradation of the three pesticides and the
allotted time, the rate of degradation of each pesticide was
determined.
When a mixture of nitrogen-reducing bacteria was used
by Flyvbjerg et al. (1993) to degrade ortho-cresol, the
bacteria were fed toluene. The amount of degradation was
dependent upon the amount of toluene metabolized. Similar
results were seen in the degradation of TCE by toluene-
dependent bacteria as demonstrated by Little et al. (1988),
Wackett and Gibson (1988) and Phelps et al. (1990). In the
experiments performed here, no nutrient source was added
hence, the microbes were forced to obtain their carbon from
the pesticides. Of the three pesticides, carbofuran
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provided the most readily available carbon source, as the
methyl carbamate portion of the compound is readily
hydrolyzed leading to the formation of carbofuran phenol and
providing both a nitrogen and carbon source. Under such
conditions, the organisms are likely to attack the
carbofuran first, hence, the more rapid rate of degradation.
Chlordane, however, has an array of halogens on its ring.
Since microbes are known to avoid halogens, they would more
likely attack the paraquat with its two chlorine atoms than
the chlordane with its eight chlorine atoms. These factors
may account for the differences in degradation rates seen
among the pesticides.
It should also be noted that the degradation rates
differed not only eimong the pesticides but with the same
pesticide exposed to different microbial groups (Fig. 15).
While carbofuran degraded in all cases except in the sterile
soil without added microbes (control. Experiment 1), there
was a significant difference (p < .05) in the rate of
carbofuran degradation in the non-sterile soil (Experiment
2a) compared to the rate in sterile soil treated with ERBDC
or SMM (Experiment 2b and 2c respectively) . However, there
was no significant difference between the rates of
degradation seen in non-sterile soil (Experiment 2a) and the
sterile soil treated with a mixture of ERBDC and SMM
(Experiment 2d). These latter conditions (Experiments 2a
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and 2b) represent the best scenario tested for carbofuran
degradation.
The removal of 47% of the carbofuran by SMM over a 21-
day period was an excellent performance. Considering the
fact that a mature SMM was placed on the surface of the soil
(not mixed into the soil) and that the sides of the culture
flask was covered with al\imin\im foil to exclude the very
light the SMM needed for its photosynthesis, to have removed
47% of a compound mixed into the soil was nothing short of
excellent.
In the case of paraquat, the non-sterile soil
(Experiment 2a) was the best performer. There was a
significant difference (p < .05) between this and all
others. There was no significant difference in degradation
rates among the other groups tested.
A complete comparison cannot be done for chlordane
since some samples from experiment 2b were lost. However,
previous studies (Murray, 1993) have shown that the ERBDC is
very effective in degrading chlordane. From the samples for
which data was available, the mixture of ERBDC and SMM
(Experiment 2d) was the most effective at degrading
chlordane. Again, the SMM was an excellent performer. Its
degradation rate exceeded that of the non-sterile soil.
Among the various soil types tested, the non-sterile
soil demonstrated the greatest consistency in degrading the
pesticides. It should be noted that this soil contained all
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of the microbial species added to the sterile soil plus a
plethora of unidentified species. In addition, the fact
that this soil was taken from a banana farm with a history
of pesticide treatment, gave it an added advantage.
From the results of these experiments, it can be
concluded that the rate of degradation of a pesticide in the
soil is dependent on (a) the nature of the pesticide
(chemical structure) and (b) the composition of the
microbial population in the soil. Therefore, when dealing
with pesticide degradation in the soil, microbial
enhancement should be a major consideration. Because of the
consistent and effective manner with which the SUM degraded
the selected pesticides, and because of its ubiquitous
nature, it should be considered when microbial enhancement




This study was not intended to be an end in itself, but
rather, to be an example of the kind of work that can be
done or should be done to preserve agricultural and
industrial communities. To this end, the study took a very
cursory glance at the toxic effects of pesticides and a more
indepth look at microbial degradation of pesticides. The
study has shown that soils with a history of carbofuran
treatment are more effective in degrading carbofuran than
soils that have never been exposed to the pesticide. By so
doing, this study confirms the findings of Chaudhry and Ali
(1988), Edwards et al. (1992) and Talebi and Walker (1993).
In addition, this study has demonstrated that soil microbes
can degrade a mixture of pesticides, specifically, a mixture
of carbofuran, chlordane and paraquat. More work is needed
in this area in order to establish some kind of tolerant
level or holding capacity in terms of pesticide application
to soils. It will also be useful to detemine a rate
constant for the degradation of pesticide mixtures in soils.
This kind of information is necessary in order to determine
application volumes and times.
A lack of such data has resulted in destruction and
degradation of natural assets (air, land, water, forest,
plant and animal species) to subsidize the profits of many
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businesses in the late 20th century (Flavin and Young,
1993). Consequently, the affluence of today has been
borrowed from tomorrow. For many countries around the
world, these debts are coming due. The Florida episode
makes it abundantly clear that remediation strategies are
necessary and urgent. In many cases, the benefits gained by
using a chemical may not offset the cost of incidental
damage to man's natural life supporting system (EPA, 1991).
Indeed, it might be necessairy to re-think the pest control
strategy and use crop protection rather than pesticides
(Flavin and Young, 1993), this, in light of the fact that
some insect pests are becoming resistant to pesticides while
the earth and man are falling victims.
It is evident that pesticide production and use will
continue well into the twenty-first century. It is
therefore necessary to develop bioremediation strategies to
safeguard the soil and those who earn their living by
farming. In addition, biological control must become a
major thrust in agriculture. To this end, many government
programs aimed at protecting the environment from
agrochemical contamination are already in place (Batra,
1982). Some of these programs are specifically aimed at
reducing pesticide residues in food, ground and surface
water. They also permit the testing of biological pest
control methods. The Department of Agriculture in Barbados
has successfully developed a fungi to destroy the egg of the
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moth borer (personal communication with Dr. Jones), a menace
to the sugar industry in that country. These are only a few
of the approaches that will gain prominence in the future.
Where longterm pesticide use is envisaged, such use
should be coupled with biological control strategies such as
the use of pheramone. Pheramone is an insect mating
hormone. Insect traps baited with pheramone attract female
insects and allow entomologists to monitor the insect
population and predict population changes. Knowledge of the
insect population is the best indicator of the appropriate
time and volume of treatment required. Such combined
treatment systems avoid unnecessary and excessive use of
pesticide. On the other hand, an extensive study of
resident microbial population dynamics, degradative
potentials and fertility factors of the farm soil must be
undertaken. Such information is useful not only in the
development of bioremediation technologies but also in the
development of regulations governing farm worker's safety.
Failure to understand the dynamics of the environment in
which pesticides are being used can lead to new and more
serious problems of the type experienced in Florida (Raver,
1992). Even with this information, it would be prudent to
have available a bioremediation technology of the type
described in this study suited to the particular pesticide.
For the Windward Islands, however, this technology will be a
safety valve rather than a tool for immediate daily use. In
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any event, the development must begin now, not only for the
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